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57 ABSTRACT

A projection type display device includes a distortion cor-
rector for correcting a projected image for distortions when
the image is projected with a projection optical axis tilted
with respect to a screen. The distortion corrector comprises
a tilt angle generator for finding a tilt angle of the projection
optical axis, and a display image corrector for correcting the
display image using the tilt angle. The display image cor-
rector comprises a two-dimensional table for storing cor-
rected coordinates for four vertexes of the display image
employing a vertical tilt angle and a horizontal tilt angle as
variables, and a fixed point determiner for selecting one of
the four vertexes as a fixed point.
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PROJECTION TYPE DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a projection type display
device such as a liquid crystal projector, and more particu-
larly, to a projection type display device which allows an
user to readily correct an optical image for distortions which
are produced when an optical image is enlarged and pro-
jected on a screen with a tilt angle in the vertical and
horizontal directions through a projection lens.

2. Description of the Related Art

Conventionally, a projection type display device is typi-
cally placed below the center of a screen for projecting an
enlarged image with a projection lens oriented upward.
However, in this event, the image projected on the screen
suffers from an inverse trapezoidal distortion (trapezoidal
having an upper side longer than a lower side). In addition,
when the projection type display device is placed at an angle
in the horizontal direction (lateral direction) to the screen,
the projected image further extends toward an upper left side
or an upper right side to present a more complicated trap-
ezoidal distortion.

Now, FIG. 1 shows the relationship between the place-
ment of the projection type display device and an image
projected on the screen.

Referring to FIG. 1, the image projected on screen 101
reproduces original rectangular image d without tilt distor-
tions when the image is projected from projection lens 102
of projection type display device 100 along projection
optical axis a without tilt to screen 101. However, when the
image is projected along optical axis b which is vertically
tilted, display device 100 provides vertically tilted image e
in an inverse trapezoidal shape. Moreover, when the image
is projected along optical axis ¢ which is horizontally tilted
to the right, the resulting image further extends toward an
upper right side to present horizontally and vertically tilted
image f which has more complicated distortions.

To consider such a distortion, a correction for a trapezoi-
dal distortion, which is produced when projection type
display device 100 is positioned as shown in FIG. 1 (pro-
jection lens 102 is oriented upward and tilted to the right),
will be described with reference to FIGS. 2A to 2C.

FIGS. 2A to 2C are diagrams for describing how an image
is corrected for a trapezoidal distortion.

FIGS. 2A, 2B illustrate image 113 displayed within image
display range 115 on an image display device (liquid crystal
panel) when a vertical correction is made. Displayed image
113 on an image display device (not shown) is distorted in
a direction opposite to an inverse trapezoidal distortion of
the image 101 projected on the screen to correct the pro-
jected image for the distortion, resulting in a rectangle.
Though not shown, the correction for a vertical distortion
involves increasing a compression ratio of a line correspond-
ing to the upper side of the projected image on the displayed
image, on the image display device, and reducing the
compression rate toward the lower side.

FIGS. 2B, 2C illustrate image 113 displayed on the image
display device when it is subjected to a horizontal correction
after the vertical correction.

In this example, a transition from FIG. 2A to FIG. 2B
implies movements of upper left vertex P101 and upper right
vertex P102, and a transition from FIG. 2B to FIG. 2C
implies movements of lower left vertex P103 and lower right
vertex P104, eventually resulting in movements of all four
vertexes P101, P102, P103, P104.
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When an user corrects an image for distortions, the user
typically matches the vertexes of the image with the vertexes
of screen 101 before the correction for the distortion, so that
the vertexes of the image move each time a vertical correc-
tion or a horizontal correction is made as illustrated in FIG.
2A to 2C, resulting in difficulty in correction for the distor-
tion.

Even if the projection type display device is equipped
with an acceleration sensor for measuring a tilt angle in the
vertical direction to automate the vertical correction, diffi-
culties in the correction for distortion are not mitigated
because all the four vertexes still move in the horizontal
correction.

To solve this problem, Japanese Patent Laid-open Publi-
cation No. 198993/2003, for example, discloses a projection
type display device which collectively corrects an image for
distortion produced when the image is projected at tilt angles
in two directions, i.e., for a trapezoidal distortion produced
when the image is projected at an tilt angle in the vertical
direction, and for a trapezoidal distortion when the image is
projected at an tilt angle in the horizontal direction. This
projection type display device comprises a tilt sensor for
detecting a tilt angle in the vertical direction, and a rotary
knob manipulated by the user to correct an image for
distortions in the horizontal direction. The result detected by
the tilt sensor is applied to a distortion correcting circuit
through a microcomputer to automatically correct the image
for distortions in the vertical direction. Together with this
correction, a voltage which varies in accordance with rotat-
ing angles of the rotary knob, is applied to the microcom-
puter which converts the voltage to data related to a hori-
zontal tilt angle set by the user, and the data is applied to the
distortion correcting circuit. In this way, by rotating the
rotary knob by an angle equivalent to the horizontal tilt angle
of'the projection type display device in the reverse direction,
the image caused by the horizontally tilted projection is
corrected for distortions in the horizontal direction, with an
intuitive easy-to-understand adjustment.

In the foregoing projection type display device, a correc-
tion is made by rotating in the reverse direction the scaled
rotary knob by an angle equal to an angle by which the
display device is tilted in the horizontal direction. However,
since the user must make corrections while watching both
the scale on the rotary knob and the image projected on the
screen, and each correction causes the vertexes to move, the
correction of an image for distortions entails difficult
manipulations, so that an user must attain proficiency in the
manipulations.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
projection type display device which is capable of allowing
the user to readily correct a projected optical image for
distortions produced when the optical image is projected on
a screen at tilt angles in the vertical and horizontal direc-
tions, by fixing one of four vertexes of the projected image.

According to one aspect of the present invention, a
projection type display device includes an image display
device for processing an input image and displaying the
processed image, a projection lens for enlarging a display
image of the image display device for display on a screen as
a projected image, a distortion corrector for correcting the
projected image for distortions when the display image is
projected with a projection optical axis tilted with respect to
the screen, an angle detector for detecting a tilt angle of the
projection optical axis in the vertical direction, and a user
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interface having a controller for correcting the projected
image for distortions in the horizontal direction. The distor-
tion corrector includes a tilt angle generator for receiving
outputs from the angle detector and the user interface to find
the tilt angle of the projection optical axis of the projection
lens with respect to the screen, and a display image corrector
for correcting the display image using the tilt angle. The
display image corrector includes a processor for finding four
vertexes using a two-dimensional table having corrected
coordinates for the four vertexes of the display image or a
mathematical expression, wherein the two-dimensional
table or the mathematical expression employ a vertical tilt
angle and a horizontal tilt angle as variables and, and a fixed
point determiner for selecting one of the four vertex as a
fixed point.

With the foregoing configuration, when the image is
corrected for distortions which are produced when the
optical image is projected with tilt angles in the vertical and
horizontal directions with respect to the screen, the projec-
tion type display device of the present invention selects one
of vertexes of a quadrilateral represented by a projected
optical image as a fixed point, and make the vortex immobile
even if the image is corrected for distortions, thereby allow-
ing an user to readily correct the image for distortions.

The distortion corrector includes an arrow image genera-
tor for generating an image of an arrow, and an arrow
positioner for displaying the image of the arrow for the fixed
point determined by an input signal from the fixed point
determiner. The corrected image and an output from the
arrow positioner are combined by an image combiner of a
fixed point display to generate an output image which has
the arrow superimposed on the corrected image, and the
output image is projected on the screen through the projec-
tion lens.

With the foregoing configuration, since the arrow indi-
cates the fixed point which is determined from the tilt of the
projection optical axis with respect to the screen, whether it
is right-up tilt, left-up tilt, left-down tilt, or right-down tilt,
the user can recognize the fixed point by view and therefore
can visually and readily make a correction for distortions.

The above and other objects, features and advantages of
the present invention will become apparent from the fol-
lowing description with reference to the accompanying
drawings which illustrate examples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram for describing the relationship
between a placement of a conventional projection type
display device and an image projected on a screen;

FIGS. 2A to 2C are diagrams for describing how a
correction is made for a trapezoidal distortion in a conven-
tional projection type display device;

FIG. 3 is a block diagram generally illustrating the
configuration of one embodiment of a projection type dis-
play device according to the present invention;

FIG. 4 is a diagram showing the relationship between a
screen and a projection optical axis of the projection type
display device;

FIG. 5 is a diagram for describing a two-dimensional
table;

FIG. 6 is a diagram for describing a two-dimensional
table;

FIGS. 7A to 7C are diagrams for describing operations for
correcting a displayed image when it is projected along a
projection optical axis oriented in an obliquely upward right
direction with respect to a screen;
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FIGS. 8A and 8B are diagrams for describing an image
projected on a screen; and

FIG. 9 is a diagram showing the relation between arrow
displayed position and the projection optical axis with
respect to the screen.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 3 is a block diagram generally illustrating the
configuration of a projection type display device according
to the present invention, and FIG. 4 is a diagram showing the
relationship between a screen and a projection optical axis of
the projection type display device.

Referring to FIGS. 3 and 4, projection type display device
1 comprises image display device 7 for processing input
image 6 and displaying the processed image; projection lens
2 for enlarging the display image produced by image display
device 7 and displaying it on screen 10 as projected image
12; distortion corrector 3 for correcting projected image 12
for distortions which are produced when the display image
is projected on screen 10 along an axis tilted to axis 2a;
acceleration sensor 5 for detecting a tilt angle of projection
optical axis in the vertical direction; and user interface 4
having a controller (not shown) for correcting an image for
distortions in the horizontal direction. Distortion corrector 3
comprises tilt angle generator 31 for finding a tilt angle of
projection optical axis of projection lens 2 with respect to
screen 10 and receives outputs from acceleration sensor 5
and user interface 4; and display image corrector 32 for
correcting display image 13 using the tilt angle. Display
image corrector 32 comprises two-dimensional table 321
which employs a vertical tilt angle and a horizontal tilt angle
as variables, and stores corrected coordinates for four ver-
texes of display image 13; table referrer 322 for obtaining
corrected coordinates for four vertexes P1, P2, P3, P4
corresponding to the tilt angle input from tilt angle generator
31 by referring to two-dimensional table 321; and fixed
point determiner 323 for selecting one of the four vertexes
as fixed point 20. The description of a construction to find
corrected coordinates for the four vertexes by calculations is
omitted.

Distortion corrector 3 comprises arrow image generator
33 for generating an image of arrow 19; and arrow positioner
34 for displaying the image of arrow 19 generated by arrow
image generator 33 for fixed point 20 determined by an
output signal from fixed point determiner 323.

Though not shown, distortion corrector 3 has a CPU
(Central Processing Unit), while display image corrector 32
is implemented by an LSI (Large Scale Integrated Circuit),
such that the CPU controls coordinate correction processing
of the LSI.

An output from display image corrector 32 and input
image 6 are processed by image processor 71 (image pro-
cessing LSI) of image display device 7 to generate and
output corrected image 8. Corrected image 8 is combined
with the output from arrow positioner 34 by image combiner
91 of fixed point display 9. Consequently, output image 11
having arrow 19 superimposed on corrected image 8 is
projected on screen 10 through projection lens 2.

Referring next to FIGS. 5, 6 for describing two-dimen-
sional table 321, two-dimensional table 321 stores corrected
coordinates for four vertexes P1, P2, P3, P4 of display image
13 in a matrix form with vertical tilt angles and horizontal
tilt angles used as parameters.

For example, when projection type display device 1 is
positioned five degrees (<=5) tilted in the vertical direction
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and ten degrees (f=10) tilted in the horizontal direction,
table referrer 322 for obtaining corrected coordinates reads
cell A12 in FIG. 5. As shown in FIG. 6, cell A12 stores
two-dimensional corrected coordinates for the four vertexes:
P1(x1,y1), P2(x2,y2), P3(x3.y3), P4(x4,y4) (specific coor-
dinate values for x, y are omitted).

FIG. 5 shows, as an example, two-dimensional table 321
which corresponds to the state in which projection type
display device 1 is tilted in an upper right direction as shown
in FIG. 4 (projection optical axis in FIG. 4 falls onto first
quadrant 25). FIG. 5 omits two-dimensional tables 321
corresponding to second quadrant 26, third quadrant 27, and
fourth quadrant 28.

Alternatively, the variables (parameters), i.e., the vertical
tilt angles and horizontal tilt angles may be indicated as an
angular range, for example, from zero degree to five degrees,
or from five degrees to ten degrees. The increments of angles
in table 321, as a matter of course, may be set arbitrarily, not
limited to five degrees.

Next, the operation of projection type display device 1,
configured as described above, will be described with ref-
erence to FIGS. 7A to 8B.

FIGS. 7A to 7C are diagrams for describing operations for
correcting display image 13 when it is projected along a
projection optical axis oriented in an obliquely upward right
direction with respect to screen 10, and FIGS. 8A and 8B are
diagrams each for describing image 12 on screen 10, cor-
responding to FIGS. 7B and 7C, respectively.

For convenience, the following description is based on the
assumption that projection type display device 1 is posi-
tioned five angles (<=5) tilted in the vertical direction and
ten degrees ($=10) tilted in the horizontal direction, as
illustrated in FIG. 4.

Referring to FIGS. 7A to 8B, FIG. 7A shows that display
image 13 is not corrected within image display range 15, and
FIG. 7B shows that display image 13 is corrected in the
vertical direction. Tilt angle generator 31 generates a vertical
tilt angle based on the output of accelerator sensor 5. Table
referrer 323 reads two-dimensional table 321 of display
image corrector 32 to obtain corrected coordinates corre-
sponding to the vertical tilt angle (A10 in FIG. 5 is obtained.
Corrected coordinates are omitted in the figure) to automati-
cally correct display image 13 in the vertical direction.

Even if an user attempts to match an arbitrary vertex of
vertically corrected projected image 12 with the correspond-
ing vertex of screen 10, movements of the respective ver-
texes from FIGS. 7A to 7B do not increase difficulties in the
distortion correction because the vertical correction is auto-
matically made.

In this event, projected image 12 on screen 10 is seen as
illustrated in FIG. 8A.

After the automatic correction for distortions in the ver-
tical direction, the user manipulates the controller (not
shown) of user interface 4 to correct projected image 12 for
distortions due to the tilt angle in the horizontal direction. In
a correction from the state shown in FIG. 7B to that shown
in FIG. 7C, the horizontal tilt angle is detected by a rotary
encoder (not shown) or the like provided in user interface 4,
and a horizontal tilt angle is generated by tilt angle generator
31 using the horizontal tilt angle. Then, table referrer 322
reads two-dimensional table 321 of display image corrector
32 to obtain corrected coordinates corresponding to the
horizontal tilt angle (A12 in FIG. 5 is obtained) to correct
display image 13 for distortions in the horizontal direction.

The corrected coordinates for the four vertexes obtained
in this event are P1(x1,y1), P2(x2,y2), P3(x3,y3), P4(x4,y4).
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Here, fixed point determiner 323 selects one of four
vertexes P1-P4 as fixed point 20. Specifically, upper left
vertex P1 is selected as fixed point 20 when an image is
projected along a projection optical axis oriented in an
obliquely upward right direction with respect to screen 10;
upper right vertex P2 is selected when axis is tilted in an
obliquely upward left direction; lower right vertex P4 is
selected when projection optical axis is tilted in an obliquely
downward left direction; and lower left vertex P3 is selected
when axis is tilted in an obliquely downward right direction
(see FIG. 9).

Fixed point determiner 323 is arranged in advance to
select upper left vertex P1 as fixed point 20 when two-
dimensional table 321 from which the corrected coordinates
are obtained corresponds to first quadrant 25; upper right
vertex P2 when table 321 corresponds to second quadrant
26; lower right vertex P4 when table 321 corresponds to
third quadrant 27; and lower left vertex P3 when table 321
corresponds to fourth quadrant 28.

In correcting projected image 12 which is projected in an
upper right direction, upper left vertex P1 is selected as fixed
point 20 and is therefore made immobile. Thus, when the
user matches upper left fixed point 20 with the correspond-
ing vertex of screen 10, as illustrated in FIG. 8A, to correct
projected image 12 in the horizontal direction, then pro-
jected image 12 is corrected as shown in FIG. 8B. In this
way, the user can quite readily make a correction for
distortions in the horizontal direction.

Referring to FIG. 9, arrow 19 is displayed to point to fixed
point 20 in order for the user to visually recognize fixed
point 20. Since fixed point 20 is determined corresponding
to the tilt of projection optical axis of projection type display
device 1 with respect to screen 10, whether it is right-up tilt,
left-up tilt, left-down tilt, or right-down tilt, arrow 19
displayed for indicating fixed point 20 allows the user to
more readily and visually make a correction for distortions
in the horizontal direction.

Although a certain preferred embodiment of the present
invention has been shown and described in detail, it should
be understood that various changes and modifications may
be made without departing from the spirit or scope of the
appended claims.

What is claimed is:

1. A projection type display device comprising:

an image display device for processing an input image
and displaying a processed image;

a projection lens for enlarging a display image of said
image display device for display on a screen as a
projected image;

a distortion corrector for correcting the projected image
for distortions when said display image is projected
with a projection optical axis tilted with respect to said
screen,

an angle detector for detecting a tilt angle of said projec-
tion optical axis in a vertical direction; and

a user interface having a controller for correcting the
projected image for distortions in a horizontal direc-
tion,

wherein said distortion corrector includes a tilt angle
generator for receiving outputs from said angle detector
and said user interface to find the tilt angle of the
projection optical axis of said projection lens with
respect to said screen, and a display image corrector for
correcting the display image using the tilt angle, and

said display image corrector includes a processor for
finding four vertexes using a two-dimensional table
having corrected coordinates for the four vertexes of
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the display image or a mathematical expression, said
two dimensional table or said mathematical expression
employing a vertical tilt angle and a horizontal tilt
angle as variables, and a fixed point determiner for
selecting one of the four vertex as a fixed point.

2. The projection type display device according to claim
1, wherein:

said fixed point is determined such that a coordinate of
said vertex does not move in response to a correction
for distortions in the horizontal direction.

3. The projection type display device according to claim

1, wherein:

said distortion corrector includes an arrow image genera-
tor for generating an image of an arrow, and an arrow
positioner for displaying the image of the arrow for the
fixed point determined by an output signal from said
fixed point determiner.

4. The projection type display device according to claim

3, wherein:

said image display device includes an image processor for
processing an output from said display image corrector
and the input image to generate a corrected image, and
delivering the corrected image.

5. The projection type display device according to claim

4, further comprising:

a fixed point display for combining said corrected image
with an output from said arrow positioner by an image
combiner to generate an output image which has the
arrow superimposed on the corrected image, and pro-
jecting said output image on said screen through said
projection lens.

6. The projection type display device according to claim

1, wherein:

said fixed point determiner selects an upper left vertex as
the fixed point when the projection optical axis is tilted
in an upper right direction with respect to said screen;
an upper right vertex when the axis is tilted in an upper
left direction; a lower right vertex when the axis is tilted
in a lower left direction; and a lower left vertex when
the axis is tilted in a lower right direction.

7. The projection type display device according to claim

1, wherein said angle detector includes an acceleration
sensor.

8. The projection type display device according to claim
1, wherein said user interface includes means for detecting
a horizontal tilt angle, and means for manually correcting a
distortion due to a horizontal tilt angle.

9. The projection display device according to claim 1,
wherein said two-dimensional table stores the corrected
coordinates for four vertexes of the display image in a matrix
form.
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10. A projection type display device for projecting an
image that is displayed on an image display device onto a
screen, characterized in that

the projection type display device has a vertical angle
detector for detecting an angle of a projection optical
axis in a vertical direction with respect to the screen,
and a horizontal angle detector for detecting an angle of
the projection optical axis in a horizontal direction with
respect to the screen; and

a quadrilateral image is displayed on the image display
device, the quadrilateral image being determined from
outputs of the vertical angle detector and the horizontal
angle detector based on a predetermined relationship;
wherein one of four vertexes of the quadrilateral image,
the vertex being selected depending on a tilt direction
of the projection optical axis with respect to the screen,
is a fixed point on the image display device, irrespec-
tive of a variation in the output of the vertical angle
detector and/or the horizontal angle detector.

11. The projection type display device according to claim
10, wherein the vertical angle detector includes an accel-
eration sensor.

12. The projection type display device according to claim
10, wherein the horizontal angle detector includes a user
interface having a controller.

13. The projection type display device according to claim
10, wherein the fixed point is immobile on the image display
device, irrespective of the variation in the output of the
horizontal angle detector.

14. The projection type display device according to claim
10, wherein an image of an arrow is displayed in the image
in order to indicate the fixed point.

15. The projection type display device according to claim
10, wherein a lower right vertex is selected as the fixed point
when the projection optical axis is tilted in a lower left
direction with respect to the screen, and a lower left vertex
is selected when the axis is tilted in a lower right direction.

16. The projection type display device according to claim
10, wherein an upper left vertex is selected as the fixed point
when the projection optical axis is tilted in an upper right
direction with respect to the screen, and an upper right
vertex is selected when the axis is tilted in an upper left
direction.

17. The projection type display device according to claim

10, wherein the predetermined relationship is stored in a
table.



